Environmental Regulations Become Restriction or a Cause for Innovation – A Case Study of Toyota Prius and Nissan Leaf  by Debnath, Sajit Chandra
 Procedia - Social and Behavioral Sciences  195 ( 2015 )  324 – 333 
Available online at www.sciencedirect.com
1877-0428 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Istanbul Univeristy.
doi: 10.1016/j.sbspro.2015.06.360 
ScienceDirect
World Conference on Technology, Innovation and Entrepreneurship
Environmental Regulations Become Restriction or a Cause for 
Innovation – A Case Study of Toyota Prius and Nissan Leaf 
Sajit Chandra Debnath* 
College of International Relations, Ritsumeikan University, 56-1 Toji-in Kitamachi, Kita-ku, Kyoto, 603-8577, Japan 
Abstract 
This paper investigates whether environmental regulations become obstacles or a cause for innovation in Japan by examining 
some empirical evidences on how environmental regulations affect the course and character of technological change through 
innovative activities of the firms in Japan. Available literature shows that it is rather very difficult to measure the stringency of 
environmental regulations and its effects on subsequent innovations at aggregate levels. As a result, this study adopted detailed 
case studies to overcome the problems of previous empirical studies due to their aggregate nature and to understand well the 
nature of the relationship between environmental regulations and innovation. In this paper, we picked up the cases of Toyota 
Prius and Nissan Leaf to study and examine the impacts of environmental regulations on innovation. 
© 2015 Sajit Chandra Debnath. Published by Elsevier Ltd. 
Peer-review under responsibility of Istanbul University. 
Keywords: Competitiveness; Environmental Regulations; Innovation; Toyota Prius; Nissan Leaf 
1. Introduction 
Since the industrial revolution started in Europe, the European colonialist powers extended the industrialization 
to the countries they colonized. The twentieth century has seen the independence for most of these countries 
although the legacy of the industrialization brought by the colonization remained intact and in most cases, the 
industrialization even became faster in many countries. Although, Japan was not colonized by the European powers, 
the industrialization of Japan got an upper hand by imitating the European technologies. In many cases, the imitated 
technology became more sophisticated, user friendly, durable and much cheaper at the Japanese hand. After the 
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World War II, Japan took very short time to get out of the disastrous fallback due to the war and became world’s 
number two economy very soon. This high growth had caused Japan not to pay appropriate attention to the 
protection of the environment. However, due to some severe environmental crisis, Japan learned very quick lessons 
and came out with serious environmental regulations that were very drastic. As Japan joined the group of 
Organization for Economic Co-operation and Development (OECD), the expectations on environmental regulations 
became even higher.  
The twentieth century experienced extraordinary economic growth in many countries across the globe. While the 
degree of economic growth differs a lot between the OECD countries and non-OECD countries, there has been 
positive economic growth in almost all the countries in the world. In most cases, the fuel for such economic growth 
worldwide was the industrialization. However, as explained above, the industrialization also brought huge 
environmental degradation for many countries. As a result, the idea of sustainable economic growth drew the 
attention of all so that we can continue our economic growth but at the same time we must preserve our 
environment. This idea of sustainability is one of the most important principles in shaping our long-term relationship 
with the environment and economic growth. Consequently, a balanced and integrated approach for the 
industrialization is absolutely required to achieve this goal. 
Throughout the twentieth century, our living standard has enriched significantly through the intensive industrial 
development but it has also produced undesirable hazardous emissions to the environment due to the limited 
carrying capacity of our natural environment. Consequently, as one would expect, responding to the serious concern 
on the ongoing contamination of air, water, and soil with pollutants such as non-degradable toxic metals, regulations 
and policies have been introduced by governments to reduce the environmental degradation and Japan is not an 
exception in this case. In japan, we could observe some sign of decline in emission rates in recent years, reflecting 
the efforts devoted for pollution abatement by the government of Japan. 
Having experienced several severe environmental disasters, Japan introduced a lot of regulations to protect the 
environment and most of these regulations are in effect as of now. After “Kyoto Protocol”, Japan continued its 
efforts to become more and more environmental friendly. As the government was introducing stricter environmental 
regulations, there was a growing concern about negative impacts of increasingly tightened environmental 
regulations on industry. It is argued that stringent environmental regulations will force firms to invest a considerable 
amount of financial resources for compliance and that as a result, their competitiveness will be lost against those in 
countries where lax regulations are implemented (Jaffe, Peterson, Portney, and Stavins, 1995). Environmental 
restrictions impose significant costs, slow productivity, and thereby hinder the ability of companies to compete in 
international markets (Karen, Oates and Portney, 1995). In many cases, attempts have been taken to proof that 
environmental regulations should reduce productivity by requiring firms to spend additional resources for pollution 
abatement and control without increasing production output using the theoretical analysis. 
However, on the other side, an increasing number of scholars and policy makers started to argue that stricter 
environmental regulations actually enhance the competitive position of firms by making them to become more 
innovative. As there is stricter environmental regulations, the firms must opt to conduct more research and 
development (R&D) activities and, consequently, produce more innovation in the long run by re-examining their 
products and production processes carefully (Porter and Linde, 1995a). Prompted by stricter environmental 
regulations, the companies are expected to go beyond just mere compliance with regulations and create cutting edge 
products and processes in order to compete with the other firms in the industry and the end result will be a lot of 
new technologies in the industry that will reduce the environmental degradation while upgrading the quality. So, in 
short, stricter environment regulations will induce R&D activities in the firm towards more innovation. Their views, 
however, are still conflicting as a good number of firms as well as scholars and policy makers hold an alternative 
view that stricter environmental regulation will stand in the way of innovation and economic growth. Thus, a careful 
analysis is required to effectively evaluate the impacts of environmental regulations on innovation. 
This study aims to investigate whether environmental regulations become obstacles or a cause for innovation in 
Japan by examining some empirical evidences on how environmental regulations affect the course and character of 
technological change through innovative activities of industries in Japan. Available literature shows that it is rather 
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very difficult to measure the stringency of environmental regulations and its effects on subsequent innovations at 
aggregate levels. As a result, this study adopted detailed case studies to overcome the problems of previous 
empirical studies due to their aggregate nature and to understand well the nature of the relationship between 
environmental regulations and innovation. In this paper, we picked up the cases of Toyota Prius and Nissan Leaf to 
study and examine the impacts of environmental regulations on innovation. 
2. Literature Review And Hypothesis  
At present, we are facing with a lot of environmental issues worldwide. The most discussed among all is global 
warming which has become an international concern. The scientists are expecting a rise of 6.4 degree Celsius of the 
global temperature in the next 100 years. We have already experienced abnormal climate, rise of sea-level and so 
forth as results of this global warming. One of the causes of this global warming is our careless emission of CO2 in 
the air. Japan also experienced wild natural calamities that are direct results of this global warming. Besides, we 
have the problem of too much use of fossil fuel, producing too much garbage, destroying the forests, polluting the 
water and so on. The rapid industrialization after the World War II brought a lot of environmental destructions to 
Japan. Like most of the developed countries, Japan also experienced a lot of environmental problems. For example, 
itai-itai disease, Yokkaichi asthma, Niigata minamata disease and minamata disease are among the many that drew 
even international attention. Too much emission of sulfur dioxide and other industrial wastes caused such crises in 
Japan.  
In the wake of such severe environmental problems, Environmental Pollution Relations Act such as Basic Act 
for Environmental Pollution Control and Water Quality Pollution Control Act prepared in 1970 started to come into 
existence in Japan. In 1971, the environment agency was set up and with this, the problem of industrial pollution 
slowly started to curve down. In section 16 of Environmental Basic Act, it is stipulated that the government should 
establish ideal standards to protect people’s health and living environment in terms of atmosphere pollution, water 
contamination, land pollution and noise and they should also take measures related to the pollution prevention. 
The environmental regulations in Japan traditionally has been mostly re-action based that is to say that when a 
company causes environmental pollution and there arises a growing public concern about it, the government 
introduces stricter regulations on that particular activity of the company so that similar pollution does not take place 
in the future. Although the new regulations may be an outcome of a single company’s activities, all the companies 
are to follow the new regulations once they are adopted by the government.  
The 2011 Fukushima nuclear power plant accident is such an example of re-action based environmental 
regulation development. After the accident, Japan Nuclear Regulatory Commission set the new regulation standard 
of the nuclear power plant. The electric power companies were forced to counter-measure against oppressive 
accident by the new regulation standard. So, they have to increase investment in a coastal barrier to meet the 
standard. The cost of the nuclear power plant’s safety measures exceeded over 1 trillion yen and increased pressure 
on the electric power companies' finance. In addition, the reduction of nuclear power plants will cost the electricity 
producing companies about 1,594 billion yen because they had to buy the electricity from another company or the 
fuel for the thermal power generation to cover. Besides, the policy makers are now discussing on the possibility of 
complete switching from the nuclear power plants to other means for electricity.  
Among the recent achievements of Japan, the country achieved the goal of reducing CO2 emissions to 8.2% 
below 1990 levels. Japan’s achievement after the Kyoto Protocol in 2001 is exemplary for many other developed 
nations. There is a growing phenomenon in Japan to connect the corporate social responsibility (CSR) activities with 
the products by making them environment friendly. For example, Toyota Prius, Panasonic Eco Navi, Smart HEMS 
and Nissan Leaf electric vehicle car have been extremely successful in this regard to draw a lot of attention from the 
customers. Accordingly the hypothesis of this paper is as follows: 
H1: Environmental regulations become a cause of innovation for companies in Japan.
327 Sajit Chandra Debnath /  Procedia - Social and Behavioral Sciences  195 ( 2015 )  324 – 333 
Since the debate on environmental regulations and their impact on the economic growth has been still continuing 
to the level that some countries even opted out of Kyoto protocol, the studies with very conclusive evidences on the 
positive effect of the environmental regulations on innovation have not been so much. In fact, we currently have 
studies on both positive and negative impacts of environmental regulations on innovation which means we are yet to 
find any generally accepted theory that environmental regulations will definitely improve the innovation capacity.  
There have been some studies about negative impacts of increasingly stricter environmental regulations on 
industry (Jaffe, Peterson, Portney & Stavins, 1995). The scholars with this view argue that stricter environmental 
regulations will force firms to invest a considerable amount of financial resources for compliance and that as a result 
their competitiveness will be lost against those in countries where lax regulations are implemented. Many scholars 
used theoretical analysis to proof that environmental regulations shrink productivity by requiring firms to spend 
additional resources for pollution reduction and control without increasing production output (Palmer, Oates & 
Portney, 1995).  
However, there are other scholars who suggest that stricter environmental regulations will increase the 
innovation capacity in the concerned industry in the long run which benefits the company to reduce the pollution as 
well as the overall cost of the production and increase the quality of the products. In this regard, Porter and Linde 
(1995) argued that properly designed environmental regulations would help the concerned firms make more profit 
than their foreign counterparts given the fact that the regulations are institutionalized earlier and stricter in the 
countries they operate than the countries their foreign counterparts are operating in. Additional environmental 
regulations and their compliance will increase the cost of production for the concerned firms and thus will be forced 
to their attention to the use of inefficient resources and improve potential techniques and processes to efficiently use 
those inefficient resources. This pressure of compliance with stricter environmental regulations, in turn, forces the 
firms to promptly increase their innovation and development activities. These activities help the firms to make their 
future investments in environment-friendly products using environment-friendly and efficient processes. This, in 
turn, reduces the cost of switching for the concerned firms as to comply with the environmental regulations as they 
do not need to change much when new regulations are introduced. In other words, the companies become future-
oriented and try to be proactive about creating environment friendly products and processes. Thus, it is expected that 
company’s competitiveness in international markets also improves if the government introduces stricter 
environmental regulations (Porter & Linde, 1995).
3. Methodology 
For the theoretical framework, we have used the SWOT (Strengths, Weaknesses, Opportunities and Threats) 
analysis. SWOT analysis is a very widely used tool to analyse company’s strengths, weaknesses, threats and 
opportunities together and thereby making competitive and effective investment decisions. SWOT analysis helps the 
firms to make appropriate positioning in the industry given their strengths, weaknesses, opportunities and threats 
(Valentin, 2001 and Panagiotou, 2003). Because companies have to clearly identify their internal strengths and 
weaknesses and predict all the external opportunities and threats that may either help them to expand their 
businesses or hinder their future prospects, SWOT analysis has been used as a very efficient tool by the firms to find 
out new business opportunities.  
The environmental regulations are usually introduced and regulated by the government and thus they fall into the 
category of threats for the firms (See Figure 1). When any new regulation is introduced, the companies put in an 
effort to clearly understand the regulation and meet the standard for that particular regulation. This usually increases 
the cost and thus the companies opt to improve the production processes or even create new products through 
innovation in order to neutralize the additional costs incurred due to the compliance with the new regulation. This 
creates opportunities for the firms as they create cost-effective new production processes or new products like eco 
products. Following this, the technology, human resources, brand and competitiveness are also strengthened and as a 
result, the firms become capable of reducing their weaknesses such as low technology, low brand and so on. In other 
words, the threat of regulation lets company to innovate and improve an environment of inside of company. So, 
theoretically it can be argued that that environmental regulation is a good thing for the company, which enhances 
innovation. 
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Figure 1: SWOT Analysis and Environmental Regulations  
Source: Developed by the author. 
4. Analyses and Findings 
As Japan introduced new regulations to decrease the emission of CO2, the government encouraged the related 
industries to meet the new standards by giving them different incentives. For example, for the case of automobile, 
there were tax breaks for the environment friendly cars. Most of the car companies have been trying to introduce 
fuel efficient cars to meet the new standards while some companies have been trying to create completely new 
market of completely new cars. The hybrid cars introduced by Toyota and Honda and the electric cars introduced by 
Nissan can be mentioned in this regard. For this study, we are going to discuss about the hybrid cars of Toyota and 
electric cars of Nissan to investigate whether environmental regulations become restrictions or cause innovation for 
the concerned companies.  
Toyota had started to sell Prius in Japan in1997, and started to sell in North America and Europe in 2000. Now 
Toyota is selling this car in over 40 countries. Prius have four advantages of good mileage, travelling performance, 
ultra-low-emission and silence. First of all, Prius has1.8 litre engine that is superior in gas mileage when running at 
high speed. Because of the evolution of engine efficiency and downsizing and weight saving of generator, Prius 
becomes reality to good mileage that can run almost 40 kilometres per litre at the most efficient level. Second, Prius 
has a system output of 100 kilowatt by increasing up the engine output. Third, the engine of Prius acquired the 
approval of Ministry of Land, Infrastructure, Transport and Tourism for its low emission. The current level of 
emission in case of Prius cuts down 75% from the level of 2005 emission standard. Fourth, Prius cuts down engine 
noise and load noise in the car by sound insulator. When driving at EV drive mode, we do not feel the sound of 
engine and automotive vibration. All these features are designed specially to reduce the emission as low as possible.  
Since the inception of Prius in 1997, the cumulative total sales of this car have been exponentially increasing. 
Toyota released that the cumulative total sales of Prius reached about 1,028,000 cars by April, 2008. In addition, 
CO2 emission of Prius could be reduced for about 4,500,000 tons as compared with gasoline-powered car (Toyota 
Report, 2008). Prius contributed to cut down CO2 drastically. As the sales of hybrid cars have been increasing very 
fast Worldwide, Toyota invested more money in research and development (R&D) to bring cutting edge innovation 
in this regard. Toyota already introduced the Prius-plug-in cars which are now available for sale in different 
markets. As the Toyota’s capacity of innovation in hybrid cars continued to increase, the company started to come 
out with different other hybrid cars such as Aqua, Prius alpha, Estima Hybrid and so on. So, it is very clear that 
environmental restrictions helped Toyota to be more innovative.  
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Figure 2: Cumulative Total Sales of Prius 
Source: Toyota (2008) “New Release” 
Nissan Leaf is another great breakthrough in the automobile market worldwide which is 100% electric vehicle 
and does not release CO2 at all. Leaf to home with the EV power station system is developed by which Leaf can be 
charged during lost cost electricity hours and later it can supply electricity back to home during the pick hours when 
the cost for per unit electricity is higher. In this sense, Leaf has been good not only for environment but also for 
saving money for the users. Nissan released a statement stating that the cumulative total sales of Leaf in Japanese 
market reached about 30,000 cars and the cumulative total sales of Leaf in global markets have reached about 
83,000 cars by September, 2013 (Nissan Report, 2013). The sales of Leaf have been increasing with each year 
passing since its introduction in the market despite the infrastructure for charging point is not yet developed very 
well. Given the fact that the infrastructure for charging points will eventually improve drastically in the future, the 
sales of Leaf are expected to rise very fast. The R&D activities to produce fuel efficient cars at Nissan are not only 
limited to electric cars rather the company is trying its best to improve the fuel efficiency in other cars. The other 
cars with new “Pure Drive” technology are also now available in the market and the sales of those cars are also 
increasing. So, we see that even for Nissan, the new environmental regulation brought new innovation. 
Now, we will investigate how the above two cases fit in the theoretical framework mentioned in section three. 
When the regulation is introduced by the government or other regulatory authorities, it is generally considered as a 
threat in the SWOT analysis model. In this study, the requirement of reducing CO2 emission is the environmental 
regulation which is considered as a threat for the two cases we discussed in the previous section. Both Toyota and 
Nissan put efforts to clear the standard of this regulation through creating fuel efficient cars. For that, both 
companies used R&D and created innovation which helped them not only to produce fuel efficient cars but also to 
create completely new cars that created a whole new market for the automobile industry. The new market created 
huge opportunities for them. The increasing price of fuel and increasing awareness of saving the environment made 
this opportunity even bigger. We have seen from the previous section that the sales of the new hybrid and electric 
cars have been increasing drastically since they were introduced in the market. This helped the companies to 
increase their revenue and re-invest in R&D activities to further improve the efficiency of the cars. These efforts 
helped both companies to improve their technological capabilities as well as to create capable human resources. The 
improvement of technological capability and along with capable human resources helped the companies to create 
further innovation. The result of these activities can be seen in the other fuel efficient cars that these two companies 
brought in the market. These activities work like an expanding spiral for innovation for the companies as can be 
seen in Figure 3. This expanding spiral keeps the companies in continuous innovation and thereby helps them to 
introduce new and efficient products by which the companies earn a lot of profit which is later re-invested on R&D. 
So, it can be argued that the threat of regulation could be a good thing for company to become truly innovative.  
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Figure 3: SWOT Evolution between Environmental Regulations and Innovation 
Source: Developed by the author. 
Figure 4 shows the product life cycle that indicates the change of common product’s sales associated with the 
passage of time. First stage is the introduction stage in which it is hard to gain profits because of low sales and cost-
ineffectiveness. Second stage is the growth stage when the demand increases and consequently sales increase and 
penetration into market occurs. In the third stage which is the maturity stage companies need differentiation from 
competitors through marketing and advertisement in order to keep the sales volume growing. Fourth stage is the 
declining stage when sales start to decrease and the companies need to exit market, innovate and create new value. 
This product life cycle is same for any product and services although duration of each stage may differ depending on 
nature of products and services. For our case studies on Toyota Prius and Nissan Leaf the same is true.  
Figure 4 : Product Life Cycle 
Source : Adopted from Saaksvuori & Immonen (2008). 
However, continuous innovation to meet the environmental regulations helped them to introduce new products 
as well as improving the old products. As can be seen in Figure 5 of product portfolio management, both companies 
have been creating new star products while making the life time of the cash cows longer by making additional 
innovation to those products. Introducing new stars like Prius and Leaf requires years of R&D activities and huge 
investment to develop the prototype of these products in the first stage which is under the question mark quadrant. 
Successful transition of prototypes to production and introduction of these new products is always risky and it takes 
time to move to the quadrant of the stars. However, with ground breaking innovation the time to become a star can 
be reduced as we have seen in the cases of Prius and Leaf. Both Toyota and Nissan have cars in all four quadrants 
giving the knowledge and expertise of products for all the quadrants and because of these expertise and 
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technological knowhow, both companies were very quick to respond to the new environmental regulations of 
reducing the emission of CO2.
Figure 5: Product Portfolio Management 
Source:  Adopted from Killen, Hunt & Kleinschmidt (2008).
Joseph Schumpeter (1942) argued that the economic development becomes a reality only when the companies in 
a given economy become innovative. Innovation in this regard means the capability to produce new unknown goods, 
to introduce new production process, to cultivate new channel for sales, to acquire new raw material or resource of 
half-finished goods and to realize new organization. He called this chain of innovation activities as creative 
destruction (Schumpeter, 1942). Existing market that has big share is cash cow when the growth is slowed down and 
this market will soon become matured leading to shrinking the market size.  
On the other hand, when the company creates new products and consequently new markets, the size of the new 
market is very small in the beginning (See Figure 6). However, innovative companies with intrapreneurship (act of 
behaving like an entrepreneur while working within a large organization) spirit or new entrepreneurship spirit will 
invest new capital to gain a high rate of return from the newly created small market. As a result, the new market will 
become a wealth creator for the companies and will grow bigger and bigger (See Figure 7). Finally with the 
cultivation of new channel for sales, acquirement of new raw material or resource of half-finished goods and 
realization of new organization, the new market will grow bigger enough to outperform the old market. 
Figure 6: Creative Destruction Stage 1 
Source: Developed by the author based on Schumpeter’s Creative destruction concept. 
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Figure 7: Creative Destruction Stage 2 
Source: Developed by the author based on Schumpeter’s Creative destruction concept. 
Again, innovation is affected by the two factors such pull and push as explained in Figure 8 (Wagner, 2013). The 
pull factor is generally created by the customer demands and competition. On the other hand, in terms of push 
factors, they are mainly enforced by the governments and the companies are obliged to meet the set standards in 
terms of energy efficiency and product safety. The environmental regulation is more a push factor for the companies 
to innovate as they have to meet the set standard bar. These push factors are same for all the companies operating in 
the same industry and as result all the companies will work hard to meet the set standard. However, innovative 
companies will turn this push factors into pull factors by increasing the customer demands for the newly innovated 
environment friendly products.  
Figure 8: Influencing factors of sustainability innovations and their interaction 
Source: Adopted from Wagner (2013). 
Both Toyota and Nissan have been successful in translating the push factors into pull factors that gave the 
advancement in producing excellent environment friendly cars compared to many of the competitors. In short, the 
regulatory push such as laws and expected regulation influence technology push for the companies and later creation 
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of market pull by the innovative companies increases their competitiveness to a great extent. In short, environmental 
innovation creates new demand. 
5. Conclusion 
The purpose of this study was to explore whether environmental regulations become obstacles or a cause for 
innovation in Japan by examining some empirical evidences on how environmental regulations affect the course and 
character of technological change. In this paper, we picked up the cases of Toyota Prius and Nissan Leaf to study 
and examine the impacts of environmental regulations on innovation. For the methodology, we have used the 
SWOT (Strengths, Weaknesses, Opportunities and Threats) analysis. The environmental regulations are usually 
introduced and regulated by the government and thus they fall into the category of threats for the firms. In section 
four, we explained how the companies put in an effort to clearly understand any new environmental regulation that 
is introduced, and meet the standard for that regulation. We found that as this usually increases the cost, the 
companies opt to improve the production processes or even create new products through innovation in order to 
neutralize the additional costs incurred due to the compliance with the new regulation. This creates opportunities for 
the firms as they create cost-effective new production processes or new products like eco products. Following this, 
the technology, human resources, brand and competitiveness are also strengthened and as a result, the firms become 
capable of reducing their weaknesses such as low technology, low brand and so on. In short, the threat of 
environmental regulation lets company to be more innovative. The case studies of Toyota Prius and Nissan Leaf 
evidently proved the hypothesis that environmental regulations become a cause of innovation for companies in 
Japan. Furthermore from the theoretical analysis of the two cases in section four, it can be argued that that 
environmental regulation is a good thing for the company, which clearly enhances innovation. 
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